We present the studies on static and transient optical characteristics of electrospun poly͓2methoxy-5-͑2Ј-ethylhexyloxy͒-1,4-phenylenevinylene͔/poly͑vinyl pyrrolidone͒ ͑MEH-PPV/PVP͒ nanofibers. ͓6,6͔-phenyl-C61 butyric acid methyl ester is mixed into the polymer matrix, working as quenchers to optical excitons. Comparing with the spin-coated films, the nanofibers exhibit enhanced exciton migration in speed and amplitude. The results are explained together with photoluminescent spectra blueshifting and longer exciton lifetime. Reduced aggregation and long-range order simultaneously induced by electric field are regarded as the mechanism for the phenomena.
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Poly͑phenylene vinylene͒ ͑PPV͒ and its derivatives attract considerable interest for their potential applications such as photovoltaic cells, 1 light emitting diodes, 2 thin film transistors, and sensors. 3 Poly͓2-methoxy-5-͑2Ј-ethylhexyloxy͒-1,4-phenylenevinylene͔ ͑MEH-PPV͒ is one of the most important member of PPV derivatives for their feasibility in wet processing. The photophysical properties of MEH-PPV in bulk films are sensitive to its morphology, which has been found important to optoelectronic performance. For example, energy transfer in films varies with different morphologies. 4 The morphology of the film can be controlled by the processing conditions, such as solvent, polymer concentration, spin-coating speed, and thermal annealing. 5 Electrospun ͑ES͒ nanofibers deserve more attention for their special fiberized structure and specific characteristics. [6] [7] [8] MEH-PPV composite ES fibers were produced first in 2003. 9 Aligned and stretched fibers were also fabricated recently. 10, 11 In such MEH-PPV composite, the photoluminescence ͑PL͒ spectra are found blueshifted compared with films. This phenomenon commonly attributes to the weakened interchain aggregation inside conjugated polymer fibers. 12 The processing parameters, such as electrical potential, collecting distance, concentration, 13 viscosity, and conductivity of as-prepared solutions, 14 which affect the structure and morphology of fibers, were also widely investigated. However, unlike the polymer film devices made by spin-coating, reports focus on photophysical properties of these ES polymer nanofibers is very limited, especially for their transient dynamics. It is important to extend investigation into ultrafast time scale in order to reveal the initial photophysics just after excitation, such as exciton behavior in these nanofibers. In this letter, we prepared ES nanofibers of MEH-PPV blended with fullerene-derivative, ͓6,6͔-phenyl-C61 butyric acid methyl ester ͑PCBM͒ in different composition and compared their static and transient optical properties to corresponding spincoated ͑SC͒ thin films.
Limited by molecular weight, pristine MEH-PPV ͑Aldrich, M n = 150 000ϳ 250 000 g mol −1 ͒ is not suitable for electrospinning. An effective way to solve this problem is to add readily spinnable polymer such as poly͑vinyl pyrroli-done͒ ͑PVP͒. 15 The identical amount of PVP ͑Alfa, M n = 1 300 000 g mol −1 ͒ was dissolved in the mixed solvent chlorobenzene/methanol ͓85:15 ͑v/v͔͒, and stirred for 24 h. The concentration of MEH-PPV/PVP varied from 8 to 12 mg ml −1 . PCBM was added to these solutions with mass ratios selected between 0% and 5% to MEH-PPV.
A conventional electrospinning device was employed with an applied voltage from 10 to 20 kV at fixed collecting distance of 15 cm at room temperature. Films from the blends were also prepared by spin-coating from the same solutions through a spin coater at 1000 rpm for 30 s. Both the fibers and films were further dried at room temperature for 12 h. F-2500 fluorescence spectrometer, excited at 400 nm. The time-resolved spectra of the fluorescence were collected by Hamamatsu C5680 Synchroscan streak camera. The pump source is a femtosecond Ti:sapphire oscillator ͑Mira 900F, Coherent, USA͒ with frequency doubled to 400 nm.
An SEM image of smooth nanofibers is shown in Fig. 1 . It appears ribbon shape with width in a range of 300-800 nm. No observable difference is found between the polymer fibers with and without PCBM. In addition, no typical signs of PCBM aggregations can be observed in the fibers in our study. 16 Steady-state fluorescence spectra measurements have been performed for the SC films and ES fibers of MEH-PPV/PVP/PCBM composite ͑0, 0.5, 1, 2, and 5 wt % PCBM with respect to MEH-PPV͒ as shown in Fig. 2 . For pure polymer samples, the PL emission peak at 596 nm corresponding to MEH-PPV SC film appears blueshifted by 12 nm to 584 nm in ES nanofibers. By increasing PCBM concentration, both the SC films and ES nanofibers exhibit blueshifted emission to their corresponding pure polymer mixture. Figure 3 presents the time-resolved PL decays in films and fibers prepared above. The PL dynamics data can be well deconvoluted into a sum of two exponential decays. For both the ES and SC films, initial fast decay demonstrates a monotonic decrease with increasing PCBM content. At same PCBM concentration, normalized fluorescence decays of ES and SC sample intersect at particular time marked in Fig. 3 . It indicates reverse behavior in short and long time scale, i.e., the short decay component in ES nanofiber is faster than in SC film, while the long component is slower. The results are summarized in Table I . The fitting wavelengths are selected at both the emission peaks of ES nanofibers and SC films, in order to avoid wavelength dependent dynamics. It starts from ϳ43 ps in pristine SC film and goes down to ϳ19 ps when PCBM is 5 wt %. The corresponding dynamics in ES sample is from ϳ34 to 15 ps. The second decay component assigned to exciton lifetime shows reverse decay speed. For all corresponding samples at selected wavelengths, this lifetime in SC films is shorter than in the ES nanofibers.
The emission spectra depend on the conformation of the polymer chains. 17 The blueshifting shows in Fig. 2 indicate less aggregation of chains in ES fibers. This phenomenon consists with several previous studies. [9] [10] [11] [12] During the electrospinning process, the polymer solutions are under strong electric field ͑ϳ1000 V / cm͒. Then we can attribute the significant differences between fibers and films to electric field induced polymer chain alignment. It can be suggested that in field free condition, the molecular chains aggregate due to the interchain attractions which makes the chain locally aligned in order. When external field is applied, the chromophore dipole moments rearrange and then the aggregations are weakened. Not only in these nanofibers, MEH-PPV thin films cast under external high electric field also exhibit blueshifted emission spectra and longer fluorescence lifetime due to conformational changes. 18 The fast fluorescence decay component is assigned to the exciton migration. In pristine samples, the excitons are captured by defects and nonradiatively decay to the ground state. With the appearance of PCBM, an exciton moves to the interface between PCBM and polymer. Rapid charge transfer then happens resulting in a dissociation of the exciton and quenching of fluorescence. This quenching became faster when the density of dissociation sites increase. The distance between quench sites is estimated ϳ5 nm for samples containing 5% PCBM, if we suppose the PCBM molecules disperse evenly in polymer matrix. Then PCBM becomes a ruler for exciton migration. It shows that this migration is faster in fibers than in the film.
From Table I , it is noticed that the exciton migration is faster and in larger amplitude in ES samples compare to the SC films. It is interesting to see that the reduced aggregation is even better for the energy transfer. The reason is still unclear due to the limited knowledge on detailed morphology of these fibers. One of the possibilities can be suggested is the formation of long-range ordering for exciton migration. The SC film has randomly oriented local aggregation ͑local order͒. Under the electric field, it is suggested that the random coil of polymer chains become partially aligned. 18 As a result, the orientation for aggregations are partially aligned and therefore form long-range order. Exciton migration is usually modeled with Förster energy transfer through nonradiative dipole-dipole coupling, which depends on the transition dipole orientations. 19 Comparing to film sample, ordered orientation in ES nanofibers should benefit the exciton migration between local aggregations due to enhanced dipole moment coupling. High level orientation of the polymer backbones along the fibers axis was demonstrated by Kakade et al. 20 via several methods such as polarized Raman spectroscopy and x-ray diffraction studies. It agrees with a recent report on polarized PL spectra of aligned MEH-PPV nanofibers. 10 It is experimentally testified that the emitting site prefer to situate in ordered region containing parallel segments. [21] [22] [23] Therefore, it is reasonable to suggest that the exciton transfer following Förster type energy transfer depends on the orientation of local orders. It is found that energy transfer between regions is inefficient. 22 Long range order is then expected to enhance the dipole resonance between local regions and help to increase exciton migration.
In conclusion, we studied the steady-state and timeresolved PL spectra of the ES nanofibers and SC films of MEH-PPV/PVP with different concentration of PCBM. Compared to SC films, the ES nanofibers exhibit longer exciton lifetime and enhanced energy transfer, which is due to the electric field induced morphology change during the electrospinning process. Reduced local aggregation and long-range order induced by external field is suggested as reason for photophysical properties of these ES nanofibers.
